Studies on the mechanism of reduction of azo dye carcinogens by rat liver microsomal cytochrome P-450.
This laboratory has described the azoreduction of p-dimethylaminoazobenzene (1c) by rat liver microsomal cytochrome P-450. To elucidate the mechanisms involved, the reduction of structurally related azobenzenes by hepatic microsomes was investigated. High substrate reactivity was observed for 1c, its corresponding secondary (1a) and primary (1b) amines and p-hydroxyazobenzene (1d). In contrast, only negligible rates were obtained for unsubstituted azobenzene (1g), hydrazobenzene (2g), p-isopropylazobenzene (1e) and 1f, the benzoylamide derivative of 1b. These results clearly indicate that electron-donating groups, such as hydroxyl or primary, secondary and tertiary amines, are essential for binding of azo dye carcinogens to liver microsomal cytochrome P-450 and, by implication, their enzymic reduction. No inhibition of azoreduction of 1c or 1d was obtained by addition of 1e, 1g, or 2g to the reaction mixture. In the presence of hepatic microsomes, a type I binding spectrum was obtained for 1d and type II binding spectra for 1a, 1b and 1c, the reactive azo dyes. In contrast, very weak binding was observed for the unreactive compounds 1e, 1f, 1g and 2g. Thus, there is good correlation between binding and substrate reactivity. The apparent lack of binding may explain the inability of the non-reactive compounds to inhibit azoreduction. The difference in the reduction rate observed for 1g vs. 1d suggested that hydroxylation would facilitate the reduction of an otherwise non-reactive azo dye. Support for such a mechanism was obtained in two experiments. In the first, marked facilitation of azoreduction of both the inactive compounds, 2g and 2f, was seen when they were incubated with microsomes under aerobic conditions where preliminary hydroxylation can occur. In the second, azobenzene was initially incubated aerobically with microsomes from phenobarbital- or beta-naphthoflavone-induced rats. The hydroxyazobenzene formed was then readily reduced anaerobically by microsomes from untreated rats.